The Kerkennah archipelago is composed of low islands where the lithology is fragile. The coasts are also threatened by the rise in sea level (+17cm between 1946 and 2006) due to the subsidence in the north of the Gabes gulf and the increase of sea water temperatures. Tunisian society has changed in the last 50 years with, inter alia, a rise in the standard of living and the possibility of building houses and villas along the coast. In the Kerkennah archipelago, this has led to recent urbanization along the coastline. In this very fine-scaled example, we aim to assess the vulnerability linked with this socio-ecosystem that combines human and natural factors. We also take into account the spatial (and temporal) dynamic associated with the longshore drift. Our results show that (i) the spatial dynamic is a critical factor that needs consideration, and (ii) the assessment process requires excellent knowledge of the area being studied. Finally, we conclude that in the context of the development of systemic studies, both the territories themselves and the relations between the different areas that compose a territory must be studied as factors of vulnerability.
Introduction
Studies on vulnerability linked to the impacts of climatic change on territories and societies often use the concept of the socio-ecosystem (Cutter & Finch, 2008) . Preston et al. (2011) argue that Expanded Vulnerability (EV) models must consider physical and human factors of vulnerability. Adger (2006) and Meur-Ferec (2009) add that the vulnerability of a territory is linked to (i) its physical conditions and (ii) human characteristics, but also (iii) the relations between parts of the territory and between humans and/or physical components. In practice, most studies on coastal vulnerability at the local level divide the territory concerned and assess the vulnerability of each separate small portion of coast (Pendleton et al., 2003; Abuodha & Woodroffe, 2010; Luo et al., 2013; Bagdanavičiūtė et al., 2015; Benassai et al., 2015) . This partitioning leads to overlooking the spatial continuum and the dynamics of the coast, and especially the impact of longshore drift and of the human infrastructures on the vulnerability of the coast. In this study, we argue that vulnerability should be studied from a systemic point of view and that the relations that exist between the area's various components must be taken into account.
We use a systemic approach to assess the vulnerability on the tourist area of the Kerkennah archipelago in Tunisia (Figure 1 ). The archipelago is composed of small (0.5km² to 11,000km²; (Péron, 1993; Taglioni, 2006; Bouchard et al., 2010) ), and very small islands (less than 0.5km²) which are known to be highly vulnerable to the recent climate change and social developments (Fehri, 2011; Etienne, 2014) . An understanding of the recent history of sociological change, urban expansion and present climate change was a necessity, and the study focuses on the last 60 years, from the mid-twentieth century to the present. The tourist area of Sidi Frej, which is located along the north-west coast of Chergui Island (Figure 1 ), is 7km long and presents an alternation of "natural" and protected stretches of coast, including hotels, roman remains (notably the ancient city of Borj el H'sar), and villas that are inhabited mostly during the summer period. This study aims to assess the vulnerability of a partially-urbanized coastal tourist area by examining anthropogenic and physical factors. The assessment of the vulnerability needs to identify these factors but also to understand the spatial relations that exist along the coast. Indeed, longshore drift greatly influences the distribution of the accumulation of sediments / erosion areas, and human infrastructures disrupt the coastal dynamics. The aim is also to take into account the spatial relations between sections of the coast, both in our assessment of the vulnerability and for the purposes of their cartographic representation.
2
Disruption of the natural dynamics by human infrastructures, and increased vulnerability
Coastal vulnerability factors in the Kerkennah archipelago
To assess the coastal vulnerability in the Kerkennah archipelago, we used the Coastal Vulnerability Index developed by Gornitz et al. (1994) . We adapted it to correspond to the specific characteristics of the islands' coasts and the available data, and to take into account human variables. The coastline studied was divided in 36 200m-long sections ( Figure 2 ) using the DSAS™ (Digital Shoreline Analysis System) module of ArcGis™. In each section, the vulnerability was assessed using GIS. The results ranged from 3 (lowest vulnerability) to 10 (highest vulnerability), depending on the different variables. The assessment of coastal vulnerability presented here uses 3 physical variables and 2 human variables ( Figure 2 ). The factors used may be theoretical, such as the susceptibility to erosion and submersion, and are therefore not directly visible in the field. To represent these theoretical factors of vulnerability, Gallopín (1997) and Hinkel (2011) use indicators, defined as mathematical functions that transform an observable variable (e.g. a physical phenomenon) into a theoretical variable (e.g. the susceptibility to the physical phenomenon). The susceptibility to submersion, for instance, is a theoretical variable (not directly visible) but, because it depends on the height of cliffs, the height can be used as an observable variable (Figure 2 ). The same analogy can be made between erosion susceptibility and the lithology (Figure 2 ). Other variables, such as the presence of stakes along the coast, and the influence of sea defences, are more visible and do not require any additional observable variable to be defined.
Fragile coasts and impact of recent climate change
The result of the recent evolution of regional factors -climate change and Sea Level Rise (SLR) -is an increase of the vulnerability for the coast of the Kerkennah archipelago. Indeed studies concerning climate change in the area show:
 the lengthening of the summer period and the increase of summer temperatures since the 1950s (Dahech, 2007 )  SLR (Saidani, 2007) caused on the one hand by the rise of sea temperatures, and on the other by the high level of subsidence in the north of the Gabes gulf, which may have an impact on the coastal erosion (Oueslati, 1995 )  the change of wind speed and direction since the 1970s (Dahech & Beltrando, 2012) , which could have an impact on wave height, but also on the direction of waves and therefore on coastal submersion and erosion.
To assess the theoretical variable of erosion vulnerability at fine scale, we used the observable variable of the lithology. A coast composed of solid materials was considered to be only slightly vulnerable; a coast made of soft material was considered very vulnerable ( Figure 2 ). To assess the vulnerability to submersion at fine scale, we used the height of the coast as an indicator. A very low coast was considered very vulnerable, while a high cliff (more than 2m) was considered to be little vulnerable (Figure 2 ). In the Sidi Frej area, the natural components of the coast are variable. The minimal "natural" vulnerability was observed in Ras Ameur (Figure 2) , where the coast is strong, of a Pleistocene calcareous crust (Oueslati, 1986) , and high (approximatively 2m); the maximal vulnerability was observed near the bridge of El Kantara (south of the area), where the coast is low and sandy (Figure 2 ).
Direct and indirect impact of coastal amenities on the vulnerability assessment
The presence of physical issues along the coastline is a factor of vulnerability ( Figure 2) . A distinction is made here between houses or Roman remains, which are considered issues, and institutional or industrial buildings (especially the water desalination plant in Ramla; see Figure 1 ), which are considered major issues because of their importance for the community. The villas, hotels and remains that were built along the coastline are considered "normal" issues.
In addition to their immediate local influence, coastline developments ( Figure 3 ) have an impact on vulnerability, as they lead to the disruption of the coastal dynamics associated with the longshore drift and the relationships between the different parts of the coastline. The division of a territory into small coastal sections assessed independently, with no analysis of the interplay between them, hides the complexity of the coastline dynamics. A construction built to protect the coastline against sea erosion and submersion will have different effects in time and space. In the short term, it will protect the land located just behind it, but it will also disrupt the coastal dynamics and so have indirect consequences, of high erosion rates (Etienne, 2014) , on the adjacent section of coast (Figure 2 : see the arrows on the left, showing the direction of the longshore drift). In the longer term, the construction will be affected by the reduction in the quantity of sediments in front of it (Oueslati, 2010) and by its own erosion by the sea. The high rates of erosion measured beside the construction will stay high but could be exacerbated by fragments from the eroded construction itself that favour mechanical erosion. In the archipelago, this situation is frequent along the coastline and can be summarized in a system (Figure 3 ). The defences against erosion and submersion along the tourist coast of Sidi Frej are various. We observed the alternation of "natural" areas and ones where there had been human intervention: hotels and villas that were individually protected by terrigenous or worksite debris levees, or by sea walls (Figure 2 : B and E); the Cercina hostel protected by a breakwater and embankments built by the State (Figure 2 : C). This heterogeneity leads to the exacerbation of differential erosion, especially in the unprotected and easily erodible areas. The management of this coast began in the 1970s with the installation of the Grand Hôtel in the north and the realization of a sand trap to create an artificial beach (Figure 2: A; Figure  3 ). The presence of the sand trap led to a deficit in sand for the areas located immediately to the south -which have high vulnerability scores (Figure 2: A and D). These events justified the construction of the first individual sea wall and levee (Figure 2 : B), which favoured, in turn, the erosion of the coast located just to their south and triggered the need for the other inhabitants to try to protect themselves. Those sea walls and other relatively old infrastructures are already weakened (and sometimes broken; see Figure 2 : B) and need to be consolidated or rebuilt every year. In this situation, we consider the lowest vulnerability in the short term, and a higher long-term vulnerability. The walls, constituted of rocks, or worksite debris levees lose fragments, which are taken by the sea, where they are broken and eroded into smaller materials. These fragments then exacerbate the mechanical erosion ( The positive feedback loop described above and summarized in Figure 3 tends to increase vulnerability both in time and space because of the enduring nature of the disruption of the coastal dynamics and the redistribution and concentration of wave energy in the unmanaged areas. These indirect and antagonistic influences of the infrastructures both inside and outside each section of coast must be taken into account to improve our assessment of vulnerability.
Conclusion
The division of a territory is a convenient method that is still frequently used in vulnerability assessment studies. However, the consideration of spatial relations is essential, at least in the example of the Kerkennah archipelago, to understand the vulnerability process. Our aim was to link, on the one hand, the fractioning of the coast, with, on the other, the need to reestablish the spatial relationships between each section of coast in order to complete the vulnerability assessment. We achieved our goal thanks to excellent knowledge of the field, of the physical processes involved, and of the recent history of the coastal urbanization. The mapping itself is based on the classical representation of coastal vulnerability indexes (section by section), to which were added spatial relations linked to the longshore drift and the disturbances caused by man-made infrastructures. Coastal protection measures recently implemented by the State (2014 State ( -2015 along the archipelago's coastline are rockfill or walls, which are heavy measures. These heavy amenities will protect, for a time, the areas located just behind, but they favour coastal erosion in the direction of the longshore drift, as observed in Sidi Frej. In order to develop integrated and sustainable policies, spatial dynamics must therefore be given far greater consideration, not only by researchers but also by stakeholders in a territory.
